The aim of the study was to define the influence of the selected factors (gender, age, transportation time, riding distance and air temperature during the ride) on the cortisol secretion and finding a correlation between the hormone level and the horses' sport results (veterinary parameters and the ride route parameters). The research was performed on 38 Arabian pure breed horses taking part in the endurance rides. The cortisol level was measured with enzyme-immunological method in saliva samples, taken four times from each horse. In order to verify the differences between the mean results the repeated measures design was applied. The significance of the differences between the mean values was determined by the Tukey test. To evaluate the interrelations between the analysed attributes Pearson's correlation analysis was applied. The cortisol level at rest was not affected by any of the analysed factors. In case of other results, the most significant influence (P ≤ 0.05) was related to the gender, as well as the ride distance and air temperature during the ride. Higher cortisol level was noted in mares, horses running the longest distances and at the highest temperatures. A significant increase in the cortisol level was noted when the ride distance was longer. There were no clear correlation between the adrenal cortex activity and the veterinary parameters at different riding speed. High cortisol concentration can negatively affect the heart rate (HR) by increasing it, but it can simultaneously stimulate the body to fight dehydration.
b, c, d). These reactions allow us to treat cortisol level as an indicator of stress-related reactions (Dorn et al. 2007 ). Cortisol level can be measured in blood or in saliva (Peeters et al. 2010) . The level in saliva is directly proportional to its concentration in the unbound fraction in blood, the presence of which results from poor solubility of steroids in water. Therefore, after secretion by the adrenal cortex, 85-98% of steroids bind to the plasma globulins. The remaining corticosteroids, unbound to the plasma proteins, circulate in the blood and affect the body cells. Only the unbound fraction can infiltrate into saliva, as the cortisol bound to the plasma proteins does not leave the vascular bed. Determination of cortisol level in saliva provides information on changes in the biologically active unbound fraction of this hormone in the blood and constitutes a reliable method of studying stress (Kirschbaum 2000, Dorn et al. 2007 , Peeters et al. 2010 ). The stress phenomenon is mainly related to the sport use of horses in equestrian competitions, during which they are subject to different types of physical and mental factors that can negatively influence their final scores, as well as their well-being or the riders' safety (Peeters et al. 2010 ). According to the research, the stress level increase during the competitions is related to the horses' young age and resulting lack of experience (Nogueira and Barnabe 1997) , transport conditions (Schmidt et al. 2010d) or even staying in an unfamiliar stable. The last factor was identified in a study on American trotting horses awaiting the start (Irvine and Alexander 1996) . Insufficient training and too intensive exercise are also important considerations (Mircean et al 2007) . According to Lassourd et al. (1996) not necessarily intensive but long lasting physical exercise in endurance horses increases the activity of the adrenal cortex, resulting in triplicating the cortisol level in comparison to the rest levels. As the current knowledge on different factors affecting the cortisol level as a stress indicator concerns mostly the horses doing short and intensive exercise, we decided to identify the factors enhancing cortisol secretion in endurance horses and to investigate whether the hormone level correlates with the horses' condition during the ride and the competition results.
Materials and Methods

Design of the study
The research was conducted on 38 Pure Breed Arabian horses which took part in the endurance rides organized by one of the leading equestrian organization in Poland within the last two years. The competitions were organized according to the official endurance rides regulations, provided by the International Federation for Equestrian Sports. The group consisted of 11 stallions, 12 mares and 15 geldings (gender factor: 1 -stallions, 2 -mares, 3 -geldings) aged between 70 and 180 months (age factor: 1 -up to 100 months, 2 -between 101 and 120 months, 3 -over 120 months). The horses were transported to the competition venue a day before the start, between 6:00 and 10:00 a.m. The transportation time ranged between 2 and 11 hours (transportation time factor: 1 -up to 3h, 2 -between 3 and 6h, 3 -over 6 hours). At the venue, the horses stayed in two box stables of the same parameters. The riding distance ranged from 80 to 160 km (distance factor: 1 -80-100 km, short distance; 2 -120-130 km, medium distance; 3-160 km, long distance). All the horses started the competition between 6:00 and 6:30 a.m. on the next day after arriving to the venue. The rider's rank and weight carried by the horses were similar. The research included also air temperature measurements taken during the ride. They were the means of six separate measurements taken with an external electronic thermometer by the competition's technical support team. The measurements were taken every 3 hours, starting at 6:00 a.m. (temperature factor: 1 -19.33 o C, 2 -28.04 o C). In order to evaluate the correlation between the saliva cortisol level and the official competition score the information about each horse's condition was also taken into consideration. It was obtained from the official veterinary files completed at the veterinary gates after each phase of the ride, so called "loop" and accompanied by technical parameters describing the speed during ride parts, ride routes, average ride speed, the time the horse and the rider entered the veterinary gates, partial sport results (technical parameters). Due to the fact that the veterinary parameters, like gut sounds, mucus membrane condition and the gait are not measurable, a unified scoring system, designed especially for this occasion, was used. This study was based on the results of horses whose speed at the particular phases (loops) was similar. Description of the veterinary and technical parameters, measurements, own scores for some cases, mean values and standard deviations are shown in Tables 1 and 2 .
Sample collection
The saliva samples were collected in order to determine the level of cortisol as a stress indicator, mirroring the adrenal cortex secreting activity. A cubical sponge 2x2 cm in size soaked in 1% acetic acid was (Pell and McGreevy 1999) . The sponge was inserted into the horse mouth with metal tweezers and rubbed against its tongue, inner cheeks and palate. The sponge was then placed in a centrifugation tube, where a 2 cm long piece of plastic straw separated it from the bottom. The samples were stored in -18 o C until the cortisol level determination took place.
Laboratory analysis
After defrosting all samples were centrifuged (500 x g; 15 min). During centrifugation the plastic straw separating the sponge from the bottom of the tube prevented the saliva from soaking back into the sponge. Cortisol level in the supernatant was determined with the enzyme-immunological method using CORTISOL EIA kit (for saliva) DSL-10-67100 made by Diagnostic System Laboratories Inc (USA). The light absorbance wavelength was 450 and 620 nm. The measurement was conducted in Multiscan reader produced by Labsystems, Helsinki, equipped with GEN-ESIS V 3.00 software. The results were expressed in nmol/l. Four samples were collected from each horse at different time: late at time (between 8:00 p.m. and 10:00 p.m.), a day before the ride, early in the morning (between 5:00 a.m. and 6:00 a.m.) the following day, 3 minutes after entering the veterinary gate in mid-distance and 3 minutes after entering the veterinary gate at the end of the ride. The collected saliva samples were used to determine the following cortisol level values: 1 -evening sample at rest -evening level at rest, 2 -morning sample collection -morning level at rest, 3 -first exercise sample collection in mid-distance -first exercise level, 4 -second exercise sample collection at the end of the ride -second exercise level. The study was accepted by the Local Ethical Committee for Animal Experimentation and conducted according to the European Community regulations concerning the protection of experimental animals.
Statistical analysis
The statistical calculations were performed with SAS software. In order to verify the differences between the average results repeated measures design was applied (sigma-restricted model, active hypothesis decomposition), taking into consideration the following factors: gender, age, transportation time, ride's distance, air temperature during the ride, cortisol level measurement and the common interactions between all the factors. The choice of this type of analysis was based on the fact that huge variability of the analysed factors would not yield reliable results using ANOVA -GLM variance analysis (Littel et al. 2002) .The significance of the differences between the mean values was determined by the Tukey test. To evaluate the relationships between the analysed attributes Pearson's correlation was applied.
Results
The investigated factors did not affect the evening and morning cortisol levels at rest (Table 3) . The mean values for each factor level ranged from 0.62 to 1.59 nmol/l. A different situation was observed when analysing the mean values for the first and second cortisol level after exercise. The mid-distance test revealed a significantly higher cortisol level among the stallions aged over 120 months, transported for 3-6 hours, taking part in medium distance ride in the lower air temperatures. Similarly, the results of the second test correlated with the ride distance and air temperature, and the lowest cortisol level was observed in the group of horses taking part in the medium distance ride at lower temperatures. In the case of other factors, the lowest values were shown for stallions and geldings and for horses transported for up to 3 and over 6 hours. No correlation was observed Explanations: mean values referring to subsequent levels of particular factor designated with the same letters are not significantly different: a -in columns, a' -in versus (in other cases, the difference significance at P ≤ 0.05).
between the age factor and cortisol level after the second exercise.
The results showed significant differences in cortisol concentration at rest for all the discussed factors. The differences were also noticed for the consecutive exercise values of mares, horses transported up to 6 hours and those competing at the highest temperatures. In most cases the cortisol level at the end of the ride was higher than at mid-distance. In other cases, where the consecutive cortisol exercise values were compared, as well as the values at rest, the average results were similar. Most significant correlations between the cortisol level in saliva during consecutive measurements and the veterinary parameters were recorded during the test conducted at the end of the ride (Table 4) . Significant factors were usually positive, when we compared the evening test at rest and the second test after exercise with the HR taken at the second test, both exercise tests, with the mucus membranes condition and the gait quality. Negative correlations were found for the morning cortisol levels at rest and the state of dehydration and capillary refill time. The latter veterinary parameter also negatively correlated with the (Table 5 ). In the case of the first measurement negative interrelation was observed for the parameter defining the speed on the loop preceding the first exercise test of cortisol level, average ride speed and the time of entering the final veterinary gait. However, cortisol level from the second exercise test negatively correlated with the speed on the loop preceding the first exercise and positively with the time of entering the veterinary gate after this loop.
Discussion
Proper training schedule, adjusted to the planned exercise, and the control over undesirable factors protects the horse biochemical homoeostasis from stress-related disturbances. Cortisol secretion depends on the animal experience in competitions (Nogueira et al. 2002) , ride duration, transport conditions (Schmidt et al. 2009 ), animal age (Nogueira and Barnabe 1997) , character (Fazio et al. 2011 ) and staying in new environment before the start (Alexander and Irvine 1998a) .
Significant influence of these factors on cortisol secretion and release of the unbound fraction to the endurance horses' saliva was found. However, the described situation concerns only cortisol levels after the exercise. Comparison of cortisol levels in the evening the day before the competition and in the morning on the day of the start showed no significant differences for the analysed factors. Even though, the morning test revealed a tendency to elevated cortisol level in comparison to the test conducted in the evening on the previous day. It is worth emphasizing that cortisol levels at these moments only sporadically reached 1 nmol/l, which means that none of the horses showed visible signs of stress in pre-start conditions (Irvine and Alexander 1996) . The results, however, do not exactly correspond to the later research performed by the Alexander and Irvine (1998b) . According to them, staying in a new environment and waiting for the start induces stress. Another study claims that low cortisol level is linked to the horse's experience (Nogueira et al. 2002) which is confirmed by our results. All the horses taking part in the research were experienced in competitions. The results we obtained might have also be influenced by the balanced temper of the endurance horses which, according to Fazio et al. (2011) , modifies the cortisol secretion from the adrenal cortex and is a key factor shaping the stress reactions. Different situation was observed when evaluating the influence of the analysed factors on the cortisol level after exercise. The saliva cortisol level during the ride was lower in the stallions than in the mares and geldings. The results for the mares revealed an interesting tendency -the highest cortisol levels were observed in mid-distance and at the end of the ride. It is worth mentioning that the most visible cortisol level increase during the second exercise test was not recorded in the group of geldings. The age of endurance horses only slightly affected cortisol levels in their bodies. The differences were only seen in the mid-distance test, in the group of the oldest horses, which had significantly higher hormone levels. No increase in adrenal cortex activity was noticed in this case in relation to the duration of the ride in any of the groups. Some authors claim that the age factor and lack of experience significantly boost the stress hormone secretion. Cortisol level falls as the animal gets older (Lassourd et al. 1996, Nogueira and Barnabe 1997) . This is probably related to gaining more experience or to the phenomenon of chronic stress. The results obtained in this study do not fully confirm those presented in the cited publications. It may be due to the fact that all the horses, even the youngest ones, had enough competition experience. Another factor -the transportation time, significantly affected the cortisol levels after exercise in the focus group of the endurance horses. The mid-distance result analysis showed the highest cortisol levels in horses transported for the shortest and the longest time. This situation changes at the end of the ride, where the highest cortisol levels were observed in horses transported for between 3 and 6 hours. Many authors (Shanahn 2003 , Szarska 2003 , Schmidt et al. 2009 , Schmidt et al. 2010d claim that the transportation negatively influences the physical and mental condition of the sport horses. Our results for the mid-distance seem to corroborate the findings presented by Schmidt et al. (2010d) and Ohmura et al. (2006) . According to those authors the increased activity of the hypothalamic-pituitary-adrenal axis during transportation appears already at the first stage of the travel. Cortisol secretion during a short travel is practically the same as during longer one. It seems however, that our results contradict those of Fazio et al. (2008) , who stated that cortisol level and therefore stress level at the end of the travel do not depend on the distance. It is worth investigating why there is not a similar relationship for cortisol level in the discussed groups at the end of the ride. Most probably, the transportation time is a cortisol releasing factor, but only to a certain point of the ride, after which other factors become more important. Another analysed aspect was the ride distance. The highest cortisol level after exercise was observed in horses covering 160 km (maximum distance for a one-day ride). Most likely, high cortisol level in this case is directly related to the amount of exercise the horse has to do in order to complete the ride. The lowest and the medium values were observed in horses on medium and short distances, respectively. It seems that the distance under 100 km is connected with the horse excitement related to the very participation in the competition and not di-rectly related to body exhaustion. The lowest hormone values on the distance of 120-130 km might indicate that the excitement is fading away as the competition continues and the animal is not very exhausted yet. This situation can also be explained by better physical preparation of the horses taking part in the rides longer than 100 km. According to Urhausen et al. (1995) exhausting physical exercise significantly lowers the top cortisol levels which is considered to be a defence reaction of the body. It can also be assumed that the horses evaluated in our research, which covered the distance of 160 km, were simply not exhausted. It is worth mentioning that the results of this research correspond to the ones described by Lassourd et al. (1996) , who noted maximum triple level of cortisol after exercise as compared to the level at rest. The cortisol levels after exercise described in this study were even ten times higher than at rest. It may be due to a different ride distance. The last of the analysed factors -air temperature during the competition, also revealed substantial changes in cortisol level, high concentration of which was linked to high temperatures. Comparable results, but concerning the transported horses, were published by Fazio et al. (2011) . Similarly, Schmidt (2010d) and Stull and Rodiek (2000) noticed the effect of long travels in high temperatures or sunlight on the body weight loss and substantial dehydration. Another aspect describing the value of a horse is the link between cortisol level and the results of the compulsory veterinary check-ups and its way of covering the distance shown by the partial and total speed and the time of entering the veterinary gate. The shorter the time of entry the better the shape of the horse, which can quicker start the next loop. The results obtained for this topic show that this does not work for all the veterinary parameters and in some cases there is no direct correlation at all. It becomes more visible only at the end of the ride. Positive correlation between the cortisol level and HR becomes more explicit. Simultaneous analysis of those two parameters is considered justified, as heart rate variability reflects the balance of sympathetic and parasympathetic tone and provides information on the stress response of the autonomic nervous system (von Borell et al. 2007 . The mucus membranes condition and the quality of gait are also related to the cortisol level in saliva collected at the end of the competition. However, in this case the dependency is completely different than for the HR, which might show that the body reactions to cortisol secretion are different for particular veterinary parameters. Therefore, it is quite a challenge to define the most beneficial cortisol level from the point of view of physiological parameters observed during competitions. It should also be noted that cortisol level at rest is linked to three different veterinary parameters. In the future we may be able to determine the range of the saliva cortisol level at rest, during which specific physiological states could be expected. Cortisol concentration in the saliva samples collected in the evening of the day preceding the start and its concentration at the end of the ride also depends on individual technical parameters. Negative correlation with the ride speed indicates the effect of cortisol secretion on the horses' scores. Shanahn (2003) and Krumrych (2008) share this view claiming that a stressful situation significantly reduces the body's immunity responses and makes the horses more susceptible to disease and achieve worse results due to worse condition.
Conclusions
Increased cortisol secretion during and after exercise in endurance horses can be expected during competitions, mostly in the case of mares, horses covering longest distances and during competitions taking place at high temperatures. Other factors do not seem to be clearly related to the cortisol levels which may be due to the their interactions. The correlation between cortisol level and sport results is rarely visible and there is no clear answer to the question how the increase in the adrenal cortex activity affects the horses' veterinary parameters or their speed during the competition. The results presented in this study suggest that high level of cortisol can negatively raise the horses' heart rate, but at the same time it stimulates the body to fight dehydration. It does not shorten the time needed to cover the ride distance. Considering the practical applications the correlation between the scores and cortisol level at rest the day before the start looks rather promising. In the future a pre-start saliva cortisol concentration might be included into parameters examined in horses participating in endurance competition.
